High concentration formulations of graphitic carbon nitride (g-CN) are utilized as photoinitiator and reinforcer for hydrogels. In order to integrate significant amounts of g-CN, ethylene glycol (EG) is employed as a co-solvent for the gel formation, which enables stable dispersion of up to 4 wt.% g-CN. Afterwards, EG can be removed easily via solvent exchange to afford pure hydrogels. The diverse gels possess remarkably high storage moduli (up to 650 kPA for gels and 720 kPA for hydrogels) and compression moduli (up to 9.45 MPa for 4 wt.% g-CN EG gel and 3.45 MPa for 4 wt.% g-CN hydrogel). Full recovery without energy loss is observed for at least 20 cycles. Moreover, gel formation can be performed in a spatially controlled way utilizing photomasks with desired shapes. Therefore, the suggested method enables formation of hybrid gels by optical lithography with outstanding mechanical properties very similar to natural cartilage and tendon, and opens up opportunities for future applications in photocatalysis, additive manufacturing of biomedical implants and coating materials.
Introduction
Hydrogels belong to the most studied polymeric materials, which is mainly due to their ability to be composed of significant amounts of water. 1 Hydrogels comprise a soft network structure with high flexibility when they incorporate high amounts of water, but to mimic natural tissues, 2 e.g.
tendons and cartilages, 3 significant compressive strength beyond the abilities of a simple hydrogel is needed. Materials with high water content but at the same time similar performance as their biological originals could be applied in tissue replacement and repair. 4, 5 In addition, various other applications for hydrogels are discussed, e.g. as drug delivery agents, 6, 7 actuators, 8 and smart materials with self-healing or shape memory properties. 9, 10 As already stated, typical hydrogels feature insufficient mechanical strength due to poor distribution of applied stress throughout the polymer network. Therefore, improvement of mechanical properties of hydrogels, mainly through hybrid formation has been a significant interest in recent years. 9, 11 Especially addition of fiber-like or plate-like reinforcement agents is a way to enhance mechanical strength via a more equal distribution of the applied stress through the network. At the same time, addition of the reinforcing agent increases the crosslinking density resulting in stronger interactions. Common approaches for improvement of hydrogels mechanical properties utilize double network systems, [12] [13] [14] nanofibers, 15 tetra armed-PEG crosslinked systems, 16, 17 3D printing, 18 slide-ring gels, 19, 20 and introduction of charged supports. 11, 21, 22 Double network systems are one of the first examples of reinforced hydrogels that consist of a tightly crosslinked first network and a loosely crosslinked secondary network. 12 In such a way good compressive strength could be obtained while keeping a low fatigue resistance at the same time. Nanostructures reinforcing particles provide increased stress dissipation through reinforcer layers, sometimes additionally assisted by charge-charge repulsion between the single sheets. 23 A wellknown example is the incorporation of clay that bases on a combination of ionic interaction and hydrogen bonding with polymeric chains, which act as additional crosslinking points. 24 Recently, Aida and coworkers presented negatively charged titanate nanosheets as reinforcer and initiator incorporating inorganic structures into the polymeric network. 25 Moreover, gelation was performed under magnetic field to provide anisotropic microstructures. In a similar approach, we utilized graphitic carbon nitride (g-CN) as reinforcer and polymerization initiator to generate photoactive 26 and strong hydrogels with storage moduli up to 8 kPa at 0.6 wt.% reinforcer incorporation. 27 g-CN is a highly functional 2D material composed of a polymeric structure via repeating tri-s-triazine units. 28, 29 Due to convenient synthesis from low-cost precursors, good light absorption and tunable properties, g-CN qualifies as a promising (photo)catalytic material. 30 Importantly, g-CN properties, namely surface area, surface electronegativity, surface functionalities and band-gap can be tailored by changing the C/N ratio in the final materials 31 via covalent grafting of allyl compounds for enhanced dispersibility 32 43 In such a way, monomers like styrene, methyl methacrylate and butyl acrylate were polymerized. Recently, temperature sensitive hydrogels were formed via g-CN initiated photopolymerization employing exfoliated g-CN sheets (0.03 wt.%) and Nisopropylacrylamide (NIPAM). 44 Assembly of g-CN particles
with CO 2 as trigger yields reversible hydrogel formation which can be used as dye absorbent. 45 Moreover, reversible hydrogel formation via interaction of g-CN layers and ionic liquids was described. 46 Very recently, g-CN was used in the supramolecular hydrogel formation via peptide self-assembly through non-covalent interactions. 47 In our earlier report, reinforced hydrogels were formed via g-CN with 0.6 wt.% loading. 27 In there, mechanical properties of hydrogels were related to the properties of incorporated g-CN. The strength of hydrogel was found to be correlated with the surface charges of g-CN due to the repulsion between the layers upon applied stress. Nevertheless, the effect of g-CN on the mechanical strength was limited those days due to restricted dispersibility of g-CN in water that arises from strong π-π interactions. 48 On the other hand, it can be expected that increased g-CN content in hydrogel systems will yield significantly stronger materials, which may be applied as rather stiff aquamaterials that act as photoinitiator and photocatalysts at the same time. Herein, a strategy to improve the mechanical properties of g-CN based hydrogels by the incorporation of a significantly enhanced g-CN content is presented. The high amount of incorporated g-CN in the system is accomplished via an approach using ethylene glycol (EG) as co-solvent, which enhances the dispersibility of g-CN in the reaction medium significantly. One pot visible light induced gelation of the mixture is applied to yield tough EG hybrid gels via photopolymerization of N,N-dimethylacrylamide (DMA) and N,N-methylenebisacrylamide (MBA) (Scheme 1 Removal of EG From EG Gel Samples: All EG gel samples with different g-CN concentrations were immersed in 100 mL deionized water. The gels were kept in the water for 4 days and the water was exchanged 3 times a day. Freeze Drying of Hydrogel Samples: After standing in distilled water for 4 days; the hydrogels were cut into smaller pieces, transferred into a flask and dried by pump thaw cycles until the moisture droplets on the flask were not visible anymore. In this frozen form, they were immediately put into Lyotech GT 2E freeze dryer overnight. Resulting products are rubber-like EG gels or brittle hydrogels which retain their pores on the microscopic level.
Characterization
Zeta potential measurement of colloidal suspension of g-CN was performed with a Zetasizer Nano ZS90 from Malvern. Xray diffraction (XRD) patterns were obtained using Bruker D8 Advance X-ray diffractometer via Cu-K α radiation. Scanning electron microscopy (SEM) was performed using JSM-7500F
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Fourier transform infrared (FT-IR) spectra were taken on Nicolet iS 5 FT-IR spectrometer. Solid state ultraviolet-visible (UV-Vis) spectroscopy was recorded via a Cary 500 Scan spectrophotometer equipped with an integrating sphere. Porosimetry was performed using Quantachrome Quadrasorb instrument with N 2 gas after g-CN samples were degassed at 100 °C overnight. Surface area of the g-CN was estimated via the Brunauer-Emmett-Teller (BET) method. Thermogravimetric analysis (TGA) was performed via TG 209 Libra from Netzsch in nitrogen atmosphere with a heating rate 10 K min -1 using aluminum crucible for samples. Remaining EG incorporation after freeze drying was calculated from the mass loss between 120-200 °C (in order to exclude water elimination). Ultrasonication was performed via an ultrasonicator at 50% amplitude (Branson D450). Elemental analysis of g-CN was recorded via a Vario Micro device. Swelling and rheological analysis of gels and hydrogel samples was performed as follows. To obtain the swelling ratios of gels and hydrogel samples manually 100 mg (W d ) freeze dried gel or hydrogel sample were put into a flask which contains 5 mL distilled water and left to stand for 24 hours. Swollen gels or hydrogels are weighed (W s ) and swelling ratio is calculated by using the formula:
For rheological investigations, purified and swollen hydrogels (or EG gels after reaction) were cut into small disc shapes and investigated with an Anton Parr MCR 301 rheometer equipped with a cone plate 12 (CP-12). Measurements were performed at constant angular frequency (10 rad s . The cycling tests were performed until 6 mm of maximum strain (on specimens of 10 mm in height) before the stress was removed to restart the cycle (20 times). Compression modulus was calculated at 10% of strain before break for every specimen. All the compression measurements were recorded using the software TestXpert II V3.71.
Results and Discussion g-CN properties and dispersibility
In order to conduct photoinitiated gel formation, g-CN was synthesized according to previous reports utilizing cyanuric acid-melamine as precursor. 49 Synthesized g-CN possesses a decent negative surface charge and porosity (Table S1, Figure  S1 ). As g-CN has low dispersibility in aqueous media, hydrogels with g-CN incorporation above 0.6 wt.% were not accessible so far. 27 Addition of surfactants (1 wt. %) yields seemingly nice dispersions after ultrasonication for 20 minutes, however sedimentation takes place within 10 minutes for 2 wt. % g-CN in water ( Figure S2 ). In order to increase dispersibility of g-CN, utilization of a co-solvent in addition to water was investigated. Addition of common water miscible solvents such as acetone, alcohols and N-methyl-2-pyrrolidone had negative effects on g-CN dispersibility leading to immediate precipitation. Interestingly, addition of ethylene glycol (EG) to water in a ratio of 1:1 w/w significantly increased the dispersibility of g-CN ( Figure S3 ), while variation in EG:water ratio showed negative effect for the preparation of dispersions ( Figure S4 ). Utilization of pure ethylene glycol as dispersion medium for g-CN was reported in the literature in order to synthesize doped g-CN quantum dots, where experimental investigations reported that upon ultrasonication, C-N bond between melem units break and ethylene glycol acts as radical scavenger, yielding smaller sized particles 50 or recently for the formation of thin g-CN films. 51 A similar effect was reported for hexagonal boron nitride nanosheet dispersions. 52 The reason for enhanced dispersibility is two-fold. 53 First of all, polar solvents are effective in exfoliation of carbon nitride sheets via intercalation in the stacked structure and hydrogen bonding. Moreover, an efficient exfoliation can be obtained when surface energy of solvent and carbon nitride are in a similar range, which is the case for EG. The co-solvent approach allows the preparation of dispersions with solid contents of g-CN up to 4 wt.%. Higher contents of g-CN led to non-uniform dispersions containing non-dispersed solid particles after ultrasonication ( Figure S5 ). Therefore, dispersions containing 2, 3 and 4 wt.% g-CN were prepared via ultrasonication for further studies. To avoid side reactions, initial dispersions were prepared without monomer and crosslinker. A visual inspection of the formed dispersion was performed before and after ultrasonication of mixtures ( Figure S3 ) showing uniform dispersions that could be utilized for the photocrosslinking step. The stability of dispersions was confirmed via no observation of sedimentation of g-CN particles over 4 hours, where sedimentation occurs at g-CN concentrations above 4 wt.%. Thus, a maximum of 4 wt.% g-CN was added to ensure dispersion throughout hydrogel formation, which is described in the following section.
Photoinitiated Gel Formation
In the next step, the formed g-CN EG-water dispersions were used for gel formation (Scheme 1). For that, monomer and crosslinker were added, nitrogen was flushed through the mixtures, and polymerization was initiated via illumination with two 50 W white LED sources. Due to the photoactivity of g-CN, complete gelations were achieved in less than 1 h. Compared to the literature 26, 27 a significantly faster gelation rate was observed that is attributed to the enhanced amount of g-CN in the system. Furthermore, a reference DMA EG gel crosslinked with MBA was synthesized using AscA-H 2 O 2 redox couple (1 wt. %) as a radical initiator. In order to investigate the mechanical properties, rheology measurements of EG gel samples were performed (Table 1 , Figure 1 and S6 ), e.g. 4% g-CN EG hybrid gel has a remarkable G' value of 645 ± 1.6 kPa at 0.1% strain. In the presence of g-CN, gels show significantly increased G' values due to the reinforcement effect from g-CN when compared to the reference gel ( Figure S7 ). Very typical for such systems, increasing amounts of g-CN improve the G' values at low strain but cause more significant shear thinning at high strains. Frequency dependent rheology measurements in the presence of EG did not show significant change in the region between 0-10 rad s -1 , (Figure S6 ), as well as 4% g-CN EG gel and 4% g-CN hydrogel between 1-100 rad s -1 (Figure 1c ). As discussed previously, 27 the utilization of g-CN as initiator leads to the formation of radicals on its surface and chain growth starts from g-CN surface. Hence, g-CN acts as colloidal crosslinker in the system. In order to study the effect in the cosolvent approach, polymerization was performed for 2% g-CN EG gel system without external crosslinker (MBA) addition. After 4 hours, a highly viscoelastic liquid that has gel character as shown via rheology was obtained ( Figure S8 ). For this system G' value of 2.0 ± 0.005 kPa and G'' values of 0.5 ± 0.001 kPa at 0.1% strain were obtained, suggesting that in the presence of EG, g-CN also acts as crosslinker and yields relatively strong gels compared with non-g-CN based reference gel even without addition of a crosslinker. To confirm the statement, control reactions were performed. Gel formation does not take place in the presence of redox initiator and g-CN in dark but without MBA. This clearly indicates the necessity of light irradiation to form gels via attachment of polymeric chains to g-CN. Moreover, redox couple initiation without MBA addition does not yield crosslinked systems, in a similar way as irradiation of just monomer and crosslinker without radical source does not yield a hydrogel. The addition of radical scavengers such as hydroquinone completely inhibits gel formation, which points to the radical mechanism of gel formation. The effect of covalent bonding on reinforcement was investigated via performing gelation reactions with related g-CN amounts with redox initiators in dark. Therefore, g-CN remains as unreacted particles buried in the gel network. Dramatic decrease in G' values for all concentrations were observed, up to 98% ( Figure S9 ). Clearly covalent reinforcement plays an important role to yield strong hydrogels. Reaching higher g-CN concentrations and performing gelation with non-dispersed particles significantly The removal of EG from hybrid gels was performed via solvent exchange as previously reported for other solvents. 54 Hybrid gels were washed with water via immersion and frequent solvent exchange, which yields swollen hydrogels in a convenient way. No particles were observed in solution during washing process which hints to a covalent bonding of g-CN and polymeric network. The solvent exchange of was monitored via FT-IR measurements of freeze-dried samples after various periods of time. Rheology measurements of hydrogels without EG were performed ( Figure S11 ) to assess the effect of EG incorporation on mechanical properties (Table 1) . Storage moduli similar to EG gels were obtained, e.g. 4% g-CN hydrogel has a G' value of 729 ± 1.8 kPa at 0.1% strain. Again, significant shear thinning behavior was evident as G' values decrease in all samples as strain increases. In any case, the reference DMA hydrogel possesses significantly lower G' values of 0.3 kPa at any strain compared with the g-CN reinforced hydrogels. Redox initiated g-CN hydrogels possess much lower G' and G'' values at any strain, by showing an increase in G' values with increased g-CN concentration ( Figure S12 ). Therefore, strength of hydrogel also depends on the incorporated g-CN amount itself. Overall, covalent incorporation of g-CN in hydrogels provides increased mechanical strength due to reinforcing effect of g-CN, which can be attributed to increased number of mechanically active crosslinking points and an increased repulsion between g-CN layers upon compression. To the best of our knowledge the obtained G' values by incorporation of g-CN belong to the highest for reinforced hydrogels reported up to date 55 (a comparison with G' values from literature are presented in Table S2 ). 25, 27, [56] [57] [58] Decrease of G' with increasing strain is a common effect when inorganic supports are used. 59 The hydrogels are composed of 2 different networks, namely the polymeric network and the inorganic network from sheet-sheet interaction. Upon increased strain, shear-induced deformation of these networks occurs and G' decreases. 60 In particular, sheet-sheet interactions (strong π-π interaction between g-CN sheets due to aromatic repeating units of g-CN) 33 are broken due to the shear stress, leading to alignment of g-CN sheets with the shear flow. Thus, shear thinning is observed. At high g-CN concentration the mechanical properties of the gel increase due to the enhanced sheet-sheet interaction. At the same time more pronounced strain dependency of storage and loss moduli are obtained. The non-linear increase of G' with increasing g-CN content might be due to significantly enhanced sheet-sheet contacts in the gels with higher g-CN amount. Accordingly, the storage modulus rapidly decreases with strain the most for gels with the highest amount of g-CN as the interactions of g-CN is broken due to shear force. In EG hybrid gels, the decrease in G' is more significant than for hydrogels. Moreover, lower G' values were observed for hydrogels compared to EG hybrid gels, which is due to weakened charge dissociation in EG gels. After significant increase of strain, the sheet-sheet interaction network is disturbed and a stable network could not be formed again on the time scale of the back process. A comparison of G' values for both systems at 0.1% and 10% strain shows that except for 4% g-CN systems, EG gels possess higher G' values at very low strains and hydrogels possess higher G' values at higher strains (after around 4% strain) ( Figure S13 ), which can be explained with the decreased charge dissociation and sheet-sheet interactions in EG gels that lead to a stronger strain dependency. Another property of hydrogels of key importance is compressibility with stress and durability in cyclic compression. Classical hydrogels as soft polymeric networks often fail upon gentle compression due to a loss of mobility of the entanglements of chains and poor distribution of applied stress, and the then broken system is useless in tissue repair. However, reinforced hydrogels are expected to dissipate the stress through the reinforcer more effectively, and increased compression stress can be usually applied before failure of the crosslinked structure. G-CN derived hybrid gels and hydrogels show excellent compression properties ( Figure 2 and Table 2 ). Especially, EG hybrid gels show high elongation at break values, e.g. 84% for 2% g-CN EG gel. Moreover, compression tests show that 2% g-CN EG gel possesses the highest compression modulus (E mod ) of 9.45 MPa compared to the other EG gel samples. In addition, 2% g-CN EG shows the highest strength in the series with an average fracture stress of 316 kPa. Increased amounts of EG lead to decreased charge dissipation of g-CN sheets, which provides more flexibility to the gels. 61 Please do not adjust margins
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Moreover, g-CN particles incorporation in the gels is indicated via UV-Vis spectroscopy as discussed in the next section. Another indication for covalent binding is the formation of gels without addition of external crosslinker (MBA). The mechanism of bond formation has been investigated recently. 32 After removal of EG from the system, lower compression moduli and fracture strain values are observed. In contrast to EG gels, the hydrogels show an improvement in compression modulus as g-CN content increases, and the 4% g-CN hydrogel is the strongest hydrogel with 3.55 MPa compression modulus value. Moreover, hydrogels show less strength as indicted by the average fracture stress of 39 to 86 kPa. In comparison, EG gels possess much higher fracture stress and compression modulus values than hydrogels, possibly due to less charge dissipation of g-CN sheets. Absence of EG also results in lower flexibility and causes lower strain at fracture values for hydrogels. Thus, calculation of compression modulus values was performed at different elongations ( Table  2) . As several samples were investigated to obtain the average result for each sample, compression test results of each sample for EG gels and hydrogels is given in the Supporting Information (Figures S14-S19) . A comparison of E mod values of gels with literature is presented in Table S3 . 3, 13, 14, [62] [63] [64] Please do not adjust margins Please do not adjust margins Figure 3 . Swelling ratios at equilibrium in water after 24 hours of a) EG gels after freeze drying (40% remaining EG) and b) hydrogels after freeze drying.
To investigate the fatigue resistance of EG gels and hydrogels, consecutive cyclic compression tests were performed. Standard force was recorded against true strain, which is the absolute change in plate distance, with an elongation of 50%. A total of 20 compression cycles were conducted for each sample of EG gels and hydrogels. Overall, cyclic compression showed no significant non-recoverable damages for all hybrid gel and hydrogel samples (Figure 2 and S20-23) . Recovery of the initial strength shows that after compression, alignment of a non-damaged polymeric network and reinforcer was achieved successfully leading to the same behavior as the initial synthesized structures. In comparison with hydrogels, EG gels show higher net force upon compression. Reversible recovery profiles are important for applicability of covalently bound reinforced hydrogels as broken crosslinking points cannot be regenerated after compression. Therefore, it can be concluded that direct covalent bonds between g-CN and polymeric network are strong enough to bear compression at elongations of up to 50%. Moreover, the gels have the capacity to recover their original structure without any energy loss in the system even after 20 consecutive compression cycles. As summary, tough and mechanically stable hydrogels could also be formed via covalent reinforcement. As g-CNs are active under visible light, sunlight is also an efficient source to initiate gelation. Hence, a vial containing the polymerization mixture was put outside on a sunny day and during 1 hour gelation was completed ( Figure S24) showing the facile approach of g-CN initiated gelation.
Swelling and Photophysical Properties of g-CN derived Gels
The swelling ratio defines the capacity of 3D crosslinked hydrophilic networks for water uptake, which is an important property of hydrogels. Addition of solid reinforcers, such as clays and titanates, lead to decreased water uptake in the system due to hydrophobic interactions. 65 Moreover, increasing number of crosslinks lead to restrictions in the swelling as lengths of chain segments decrease accordingly, which limits elongation of the gel. Hence, a challenging aspect for reinforced hydrogels is the preservation of the swelling property of the material, while enhancing mechanical properties at the same time. In the present case, swelling behavior of gels and hydrogels were calculated via using the formula given in experimental section from the masses of dry samples from freeze-drying and swollen samples after immersing dried samples in water (Figure 3) . After the freeze drying process, EG is still present in the gel network occupying the pores. Quantification via TGA of freeze dried g-CN EG gel samples indicates that samples contain around 40 wt.% EG after freeze drying ( Figure S25 and Experimental Part). Consequently, molecular water uptakes of EG gel samples with respect to the overall weight are expected to be lower than for hydrogel samples due to remaining EG after freeze drying. Thus, swelling ratios of 250 to 150% were observed for EG gels. In the case of hydrogel samples, higher swelling ratios are obtained, e.g. 1100% for 2% g-CN hydrogel. Nevertheless, reference hydrogels show an increased swelling by a factor of 2 compared to g-CN-derived hydrogels as g-CN provides increased crosslinking density. As g-CN has characteristic absorption bands in the UV-Vis range ( Figure S26 ), g-CN derived EG gels and hydrogels show similar absorption profiles which points towards g-CN incorporation in the gels as well as unaltered photophysical properties ( Figure S27 ). FT-IR and XRD methods are also useful to determine the functional group presence and crystalline structures of the samples ( Figure S28 for g-CN, S29 for g-CN EG gels and S30 for g-CN hydrogels), e.g. g-CN shows dominant bands between 1630 and 1250 cm -1 in FT-IR which are due to C=N and C-N stretching respectively. In EG gels and hydrogel samples g-CN characteristic bands are present as well as a band around 1700 cm -1 that is due to carbonyl group stretching of the monomers. Moreover, in EG gel samples the existence of strong broad bands around 3200 cm -1 are present due to hydroxyl groups of EG, which are almost absent in hydrogel samples. Crystalline profile of g-CN possesses a strong peak in XRD at 27° (Figure S30 b) , which is clearly observable in EG gel samples as well. However, after EG removal, a large peak formation between 15-30° was observed which is due to amplified sheet-sheet interactions. 66 As already mentioned, EG gels have less dissociated charges, which lead to weakened sheet-sheet interactions. Consequently, sheetsheet interactions are enhanced after EG removal.
Spatial Control over Gel Formation
As gelation occurs via visible light, spatially controlled polymerization was investigated as well, i.e. photopatterning ( Figure 4 ). Illumination of certain parts in the system yields gels with patterned shapes. To illustrate the concept, the polymerization mixture was poured into a plastic dish, covered with a patterned mask and irradiated directly from the top while keeping the temperature of the mixture stable in order to avoid heat-assisted polymerization. In order to evaluate the approach, different patterns were used and partial illumination resulted in desired structures of free standing gels (Figure 4 and S31). In a half-illuminated system, the illuminated half forms gel and the other half remains liquid. Moreover, symbols from deck of cards were patterned via various masks as presented in Figure 4 and S31. Further investigation regarding photopatterning was conducted via formation of patterned thin gels on the surface of glass slides ( Figure 4 ). Another feature is photopolymerization around preformed gels that allows formation of a singular network after a previous gelation. First, a thick gel was created and put into plastic petri dish, where the dish was filled with monomer mixture around precursor gel network. After gelation was completed, the system yielded a single gel network which can be seen from the difference in thickness ( Figure S32 ). Overall, patterning and formation of single networks after second gelation may be a hint for future applications in additive manufacturing technologies. In order to broaden the scope of gel formation, the gelation was performed within structures scaffolds with near-medical application profile. Flexible, thin, porous, but robust structures like thin lab tissue paper were utilized as a matrix for gel formation, with the final goal to have a thin sliceable supported hydrogel, e.g. for wound coverage. Thus, tissue paper was soaked with the initial EG mixture and treated with visible light. After 1 hour, the tissue paper was taken and washed with deionized water continuously for the removal of unreacted monomers. Finally, a pale yellow tissue was obtained. Under UV light, it is possible to observe fluorescence on the tissue due to g-CN incorporation. In contrast a reference sample tissue remains dark ( Figure S33 ). Such photoactive tissue/hydrogel hybrids might be a promising material for photocatalytic applications like artificial photosynthesis or as antimicrobial surface via photocatalytic generation of biocidal reactive oxygen species. Moreover, applications as cartilage or tendon replacement are in reach, as the presented novel materials have compressive moduli in a similar order as mentioned natural tissues, 67, 68 e.g. storage moduli of 880 kPa and compression moduli of 0.08 -2.1 MPa for cartilage. In such a way application as components for intervertebral disc implants are expected, especially when additive manufacturing methods such as 3D printing are utilized. Nevertheless, biocompatibility of the formed hydrogels has to be assessed in order to facilitate biology or medicine related applications.
Conclusions
This contribution described a procedure how significantly increased amounts of g-CN nanosheets (up to 4 wt.%) could be stabilized in aqueous monomer mixtures to form hybrid hydrogels. The g-CN can subsequently be utilized as photoinitiator and reinforcer for gel formation under visible light in a one pot process. EG together with water was used as a co-solvent to enhance dispersibility of g-CN. The EGcontaining hybrid gels could be transformed into hydrogels via simple solvent exchange. Both types of networks show remarkable storage moduli (up to 650 kPa for hybrid gels and 720 kPa for hydrogels) and compression moduli (up to 9.45 MPa for gels and 3.45 MPa for hydrogels), i.e. are of the order of cartilage or tendon. Cyclic compression tests of both gels and hydrogels after 20 consecutive cyclic compressions state recovery of the initial state without energy loss. Moreover, application of spatially controlled optical patterning was investigated via simple, home-made photomasks. The present work is to our opinion an important step in the design of reinforced hydrogel materials with significant mechanical properties via a new and facile approach for advanced applications such as medical coatings, fillers and cartilage or tendon implants, photocatalytic products, or the synthesis of hydrogels in additive manufacturing technologies.
